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ABSTRACT
To our knowledge, there is a lack of information on the nutrient composition of Busha cattle milk with special
regard to its amino acid and biogenic amine contents. The Busha cattle breed is known to be highly resistant to
various diseases and well-adapted to the extensive breeding conditions of the Balkan Peninsula. Busha cow milk
contains an average of 13.47% dry matter, 4.34% fat, 3.72 % protein, and 4.32% lactose. Significant differences
were detected (P < 0.05) in the amino acid compositions of the milk of different Busha cattle strains of Kosovo.
Glutamic acid, proline, leucine, aspartic acid, lysine, and valine represented 68% of the total amino acid content.
Essential amino acids, branched-chain and sulphur-containing amino acids were found in substantial amounts
in the milk samples. Among the biogenic amines, however, spermine (0.16 mg kg1) and cadaverine (0.09 mg
kg1) were present in low concentrations. Due to these excellent qualities of the Busha cow milk, preservation
of this cattle breed is of great importance. Developing sustainable and secured breeding and feeding programs
for this endangered cattle breed of the Balkan Peninsula should also be a high priority.
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1. INTRODUCTION
Busha cattle (Bos primigenius f. taurus) is a characteristic cattle breed of the Balkan Peninsula.
Its breeding grounds in Kosovo are mainly in hilly and mountainous areas, where other breeds
can hardly survive. Two strains of the Busha cattle breed are widespread in Kosovo: the Sharri
Busha and the Dukagjini Busha. They produce an average of 1,322 kg milk in the lactation
period (Krasniqi et al., 2013). The smaller Sharri Busha has a lower somatic cell count in its milk
(72,840 SCC mL1), which – according to milk quality standards in Kosovo – qualifies it to
Class Extra (Bytyqi et al., 2013). The Dukagjin Busha is larger and produces more milk, while
the Sharri Busha is better adapted to the harsh environment. Both strains are well-suited to
extensive grazing and low-quality forage, have excellent maternal traits, and are characterised by
easy calving. Also, they survive well under minimum livestock management, in mountainous
and hilly areas; they are highly resistant to diseases, internal and external parasites (Bytyqi et al.,
2007).
Beside meat production, the other main purpose of Busha cow husbandry is to produce milk,
which is a basic source of nutrients of high biological value. Milk provides quality proteins,
energy (fat and carbohydrates), minerals, and vitamins (Chalupa-Krebzdak et al., 2018). Sum-
mary report on proteins (WHO, 2007) by the World Health Organization, Food and Agriculture
Organization, and the United Nations University (WHO/FAO/UNU) highlighted the important
role of essential amino acids in human health and nutrition. Milk proteins (casein and whey
proteins) are well known for their high-quality amino acid content (Gorissen et al., 2018).
Branched-chain amino acids (BCAAs) present in milk proteins are necessary for many everyday
activities, while cysteine is essential for healthy glutathione levels, antioxidant properties and
also it helps the body combating various diseases (Ha and Zemel, 2003). The benefits of milk
proteins in sports nutrition, infant formulae, and medical food supplements have also been
recognised (Rafiq et al., 2016).
In addition to amino acids, other nitrogen-containing components also significantly deter-
mine milk quality. Polyamines, such as spermidine, spermine, putrescine, and cadaverine, are
important in the regulation of nucleic acid function and protein synthesis and in the stabilisation
of membranes (Kalac and Krausova, 2005). Biogenic amines (BA) mainly form as a result of
microbial decarboxylation of amino acids in food. The formation of BA in food requires the
availability of free amino acids, presence of decarboxylase-positive microorganisms, and
favourable conditions for bacterial growth and decarboxylase activity (Simon Sarkadi, 2017). In
high concentrations, biogenic amines – especially histamine and tyramine – are risk factors for
food intoxication and may cause unpleasant allergic symptoms like cardiac palpitations,
headache, nausea, diarrhea, and flushing. In extreme cases, the intoxication may have fatal
outcome, whereas at moderate level, it may lead to food intolerance (Linares et al., 2012). Several
studies have reported low biogenic amine content in milk. Mainly spermine (SPM), spermidine
(SPD), cadaverine, and putrescine were present in low concentrations in milk. The amount of
physiologically beneficial polyamines (SPM, SPD) also reveals important information about the
health status of the cow (Kalac and Krausova, 2005; Gloria et al., 2011).
The purpose of this research was to study the nutrient composition of different Busha cattles’
milks from Kosovo, focussing on amino acid and biogenic amine composition. The significance
of the current research is given by the fact that it is the first analysis, which provides information
on the milk composition of Busha cattle breed.
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2. MATERIALS AND METHODS
2.1. Sampling
Samples were collected in the Dukagjin area of Kosovo from April to November, more precisely in the
villages Stellc in Peja region and Rrenc and Xerc in Prizren region, where this breed is more common
compared to other regions. Twenty milk samples (100 mL) each were taken from two strains of
Busha cattle: Sharri and Dukagjini. Standard sampling methods were applied to obtain representative
sample for analysis (CODEX, 2003, STAN 234–1999). Livestock farmers filled in a questionnaire
(Boynton and Greenhalgh, 2004) to provide data on the animals, whose milk was taken. The ages of
the cows were between 2 and 10 years, and the lactation period between 0 and 6 months.
2.2. Physicochemical measurements
Solid contents (fat, protein, lactose) of the milk samples were measured by LactoScope infrared
spectrometer (Delta Instruments-LactoScope Filter C3þ/C4þ Dairy Analyzer, PerkinElmer,
Waltham, USA). Conductivity and pH were determined by a digital conductivity and pH meter
EXTECH EC600 model (EXTECH Inc., Pittsburgh, USA).
2.3. Amino acid determination
Amino acid composition was determined after hydrolysation of milk samples. 600–800 mg of
milk samples were hydrolysed with 10 mL 6 M L1 HCl under nitrogen atmosphere in a closed
hydrolysing vessel (KUTESZ, Budapest, Hungary) at 110 8C for 24 h in a block thermostat
(FALC Instruments, Treviglio, Italy). Neutralisation was performed by adding 10 mL 4 M L1
NaOH to the hydrolysed sample in a 25 mL volumetric flask and then filled up with distilled
water. After the neutralisation, samples underwent double filtration: first through normal paper
filter and then through a 0.25 mm membrane filter (Nalgene, Rochester, USA). The analysis was
carried out by an Automatic Amino Acid Analyzer AAA400 (Ingos Ltd., Prague, Czech Re-
public) equipped with an Ionex Ostion LCP5020 cation-exchange column (22 3 0.37 cm).
Colorimetric detections were accomplished at 570 and 440 nm (for Pro) after post column
derivatisation with ninhydrin reagent (Rabie et al., 2009).
2.4. Biogenic amine determination
For biogenic amine determination, 3 g of milk sample was extracted with 10 mL 10% tri-
chloroacetic acid for 1 h at room temperature at 100 r.p.m. using a Laborshake (Gerhardt
GmbH, K€onigswinter, Germany). Samples were filtered through a 0.22 mm membrane filter
(Nalgene, Rochester, USA). Biogenic amines were analysed by an Automatic Amino Acid
Analyzer AAA400 (Ingos Ltd., Prague, Czech Republic) equipped with an Ostion LG ANB ion-
exchange resin (70 3 3.7 mm) column. Separation was carried out by stepwise gradient elution
using Naþ/Kþ buffers. Ninhydrin was used as post column derivatisation reagent, and detection
was performed at 570 nm (Rabie et al., 2009).
2.5. Statistical analysis
The normality of the differences was accepted by Shapiro-Wilk and D’Agostino test, while
homogeneity of variances was confirmed by Leven’s test. Significant differences between the
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means for conductivity were calculated by a one-way analysis of variance (ANOVA) followed by
Tukey’s test at P < 0.05. On the other hand, significant differences between the means for
protein, lactose, fat, total solids, amino acids, and biogenic amines were calculated by a
multivariate analysis of variance (MANOVA) using Tukey’s test at P < 0.05. The statistical
analysis was performed by IBMSPSS25 software (Peck et al., 2016).
3. RESULTS AND DISCUSSION
3.1. Dry matter content, pH, and conductivity of milk samples
Dry matter is an indicator of the amount of nutrients in food. Water is the major component of
milk: usually it contains 81–89% of water depending on the type of animal (Kanwal et al., 2004).
The mean dry matter (protein, fat, and lactose) content of Busha cattle breeds varied between
13.09–13.86% (Table 1). Protein content of milk was similar (3.7%) for both cattle strains.
Higher amounts of fat and lactose were found in Dukagjini cattle milk (4.50; 4.44%) than Sharri
cattle milk (4.18; 4.2%). MANOVA test showed significant differences between the milk samples
of Sharri and Dukagjini cattle with regard to the total solid, fat, and lactose contents (P < 0.05).
Dukagjini Busha milk showed higher values in all cases. No significant differences were found
(P > 0.05) for the pH and conductivity of the milk samples. Mean pH value (pH 6.6) and
conductivity (4.14 mS cm1) of the milk was within the range of fresh milk: pH 6.5–6.7 (Capriţa,
2014) and 4.0–5.86 mS cm1 (Norberg et al., 2004), showing the freshness/quality balance of the
Busha cattle milk.
3.2. Amino acid composition of the milk samples
Amino acid compositions of different cow’s milks including Busha milk are given in Table 2.
The main amino acids of Busha milk were glutamic acid (15.19–24.54%), proline (7.45–14.04%),
leucine (9.37–13.00%), aspartic acid (6.50–10.59%), lysine (6.97–9.56%), and valine (5.50–
6.88%), while the minor ones were cysteine (0–0.87%) and methionine (0.75–2.31%). The main
amino acids represent around 68% of the total amino acid content of the Busha cattle milk.
Amino acid composition of Busha breed milk was similar to that of Swedish cow milk. Glutamic
acid (24.54%) and proline (14.04%) were much higher in Busha milk compared to Holstein
Friesian (17.19; 8.49%) and Brown Swiss milk (15.19; 7.45%), while aspartic acid, isoleucine, and
alanine concentration was lower in Busha milk compared to these breeds.
Table 1. Dry matter (%), pH, and conductivity (mS cm1) of Busha cattle strains milk
Milk Sharri Bushap Dukagjini Bushap
Fat (%) 4.18 ± 0.9a 4.50 ± 0.9b
Protein (%) 3.70 ± 0.4a 3.74 ± 0.4a
Lactose (%) 4.20 ± 0.5a 4.44 ± 0.5b
Total solid (%) 13.09 ± 0.8a 13.86 ± 0.8b
pH 6.60 ± 0.0a 6.59 ± 0.0a
Conductivity (mS cm1) 4.18 ± 0.7a 4.10 ± 0.5a
pNumber of samples n 5 20; values are mean ± standard deviation; means within a row with different
lowercase superscripts differ (P < 0.05).
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Milk proteins provide a favourable balance of amino acids composed of essential and non-
essential amino acids in varying concentrations. Essential amino acids in Busha breed milk
represent around 40% of the total amino acids, making this breed’s milk a great resource of
proteins with high nutritional value. The concentration of Thr, Val, Ile, and Lys (3.85; 5.50; 3.37;
6.97%) was lower in Busha cattle breed (Table 2) compared to Holstein Friesian (5.02; 6.76; 4.22;
8.69%), Brown Swiss (5.37; 6.885.34; 9.56%), and Swedish cattle breed (4.08; 6.51; 5.44; 7.69%),
while Met, Phe, and His (1.96; 4.02; and 2.35%) was higher compared to Holstein Friesian (0.75;
3.09; and 2.04%) and Brown Swiss (1.10; 3.15 and 1.76%), and lower compared to Swedish (2.31;
4.66 and 2.81%). Holstein Friesian and Brown Swiss cattle milk (12.48, 13.00%, respectively)
showed higher concentration of Leu, while its content was lower in Swedish cattle milk (9.37%)
compared to Busha (9.73%).
Branched-chain amino acids (leucine, isoleucine, and valine) found in the milk proteins play
roles in several functions of the human body, like maintaining tissue growth, repairing and
preventing catabolic actions while exercising (Ha and Zemel, 2003; Gleeson, 2005), and have
significant role in weight control through glucose homeostasis and lipid metabolism. Ideal
balance of branched-chain amino acids were found in Busha cattle milk (Leu 9.73%, Ile 3.37%,
Val 5.50%), supporting its nutritional value and health benefits.
Sulphur-containing amino acids have several functions: they are essential for maintaining
health through normal cellular functions and antioxidant action (Mukwevho et al., 2014).
Sulphur-containing amino acids in Busha cattle milk are present in relatively high concentration
















Asp 6.50 ± 0.07 10.36 10.59 7.64
Thr 3.85 ± 0.40 5.02 5.37 4.08
Ser 5.24 ± 0.10 5.69 5.60 5.50
Glu 24.54 ± 0.10 17.19 15.19 20.80
Pro 14.04 ± 0.23 8.49 7.45 9.40
Gly 1.67 ± 0.06 4.49 4.31 1.79
Ala 2.55 ± 0.09 6.46 7.07 3.18
Val 5.50 ± 0.60 6.76 6.88 6.51
Cys 0.58 ± 0.20 ND ND 0.87
Met 1.96 ± 0.10 0.75 1.10 2.31
Ile 3.37 ± 0.30 4.22 5.34 5.44
Leu 9.73 ± 0.30 12.48 13.00 9.37
Tyr 4.19 ± 0.50 1.33 1.32 4.43
Phe 4.02 ± 0.10 3.09 3.15 4.66
Lys 6.97 ± 0.30 8.69 9.56 7.95
His 2.35 ± 0.30 2.04 1.76 2.81
Arg 2.93 ± 0.02 1.97 2.13 3.27
pValues are means ± SD based on 40 observations (mean values of milk samples of Sharri and Dukagjini
Busha cattle strains), ND: not detected.
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(methionine 1.96%; cysteine 0.58%). According to FAO/WHO (1973), the ideal daily intake of
methionine and cysteine is 14 mg kg1 for humans. Our results show that the milk of Busha
cattle satisfies the daily demand for sulphur-containing amino acids. Methionine (1.96%)
concentration was higher in Busha cattle milk compared to Holstein Friesian (0.75%) and
Brown Swiss (1.10%). In Holstein Friesian and Brown Swiss cattle milk, cysteine was not
detected (Table 2).
Only a few amino acids showed significant difference (P < 0.05) between the amino acid
compositions of the two kinds of Busha milk (Fig. 1). Milk of Dukagjini Busha contained higher
amount of Glu, Cys, Tyr, and His compared with the milk of Sharri Busha.
Differences in the milk composition of the two Busha strains may be influenced by a number
of factors, such as genetic variation of the breeds, housing and feeding conditions, animal
husbandry strategies: stage of lactation, parity, season, management or production system,
geographical location, age, etc.
3.3. Biogenic amine content of milk samples
Biogenic amine content of the milk of the two Busha strains showed no significant differences.
With respect to biogenic amines, only spermine (SPM) and cadaverine (CAD) were present in


















































Sharri Busha Dukagjini Busha
Fig. 1. Amino acid composition of Sharri Busha and Dukagjini Busha milk samples. Different letters
represent significantly different values (P < 0.05). Number of observation (n 5 20)
Table 3. Biogenic amines in milk samples of Busha breed strains
Biogenic amines Sharri Busha mg kg1 Dukagjini Busha mg kg1
CAD 0.11 ± 0.01 0.07 ± 0.02
SPM 0.18 ± 0.02 0.15 ± 0.02
Total BA 0.29 ± 0.03 0.22 ± 0.03
CAD: cadaverine; SPM: spermine; values are means ± SD based on 20 observations.
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(0.11 mg kg1) by Min et al. (2004) and for SPM (0.20 mg kg1) by Gloria et al. (2011). The
milk of the Busha cow is also of excellent quality in terms of biogenic amine content.
4. CONCLUSIONS
This pioneering study is the first that provides valuable information on Busha cow’s milk
composition. The composition of Busha cow’s milk showed high nutritional value. Significant
differences were found only for few components of the milk despite some differences in the
rearing conditions and the genetic variations of the breed strains. Further study is needed to
develop sustainable and secure breeding and feeding programs to enhance the quality of the
milk of these endangered cattle breeds of the Balkan Peninsula.
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